INTRODUCTION
This observation prompted our reexamination of the vitamin requirements for S. rhizobium. We report here that nicotinic acid can be used as a nitrogen source by S. rhizobium and that the vitamin is metabolized'at a much higher rate under conditions of nitrogen fixation than under conditions of ammonia assimilation.
MATERIALS AND METHODS

I . Bacterial strains
The wild-type Rhizohium strain ORS57 1 [2] and the Nif-mutant 5740 [ 1 J were used.
The Rhizobium strain ORS571 is associated with the tropical legume Sesbanìa rostrata and it prolilerates in the free living state with either ammonia or N, as the sole nitrogen source for growth [I] . Under both conditions, the strain requires 3 vitamins: biotin, nicotinic acid, and panthothenic acid [I] . However, the amount of vitamins (0.02 n1g biotin/l. 4 mg nicotinic acid/l and 4 mg calcium panthothenate/l), sufficient for exhausting the carbon source in the presence of ammonia, lilllitS prW'+[h under conditions Of nitrogen fixation.
Media, growth conditions and assays
The minimal (LSO) and complete (YLS) media were previously described [ I] . All cultural studies except those with ['4C]ni&tinic acid, were performed in a 1.5 1 Biolafitte fermentor containing 1 I of Lso medium at 30°C. Air was used when ammonia was the nitrogen source, and under conditions o[ nitrogen fixation the gas phase was a mixture ~~-0 , (97 : 3, v/v) . In both cases. the gas flow rate was 1.0 I/min and the p~ was regulated at 7.2 by 1 N HCl addition. Cultures in LSO medium were inoculated at AST0 0.05-0.1 with bacteria grown overnight in YLS medium. Experiments in the presence of ['4Cjnicotinic acid were .
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RESULTS
*
Identificarion of nicotinic acid as a limiting grorvrh factor
As shown in Table 1 , a 10-fold increase in the concentration of the 3 vitamins or of nicotinic acid alone resulted in a large increase in growth. However, growth was not increased by the addition of excess biotin. panthothenic acid or by several other growth factors tested. The purity of nicotinic acid was checked as a control by HPLC to exclude a possible contamination of the vitamin by another active compound. N o impurity was detected in significant amounts. Results reported in Table 2 s h o w that, to reach a maximal A near 3.5, the wild-type strain ORS571 required between 4 and I O mg nicotinic acid/l in the presence of ammonia. and between 20 and 40 mg/l in the presence of N2. The lower requirement in the presence of ammonia was independent of the oxygen tension and the same results were obtained whether the gas phase was air or a mixture N,-O, (97 : 3, v/v) (data not shown). Control experiments with the Nif-mutant 5740 showed that nicotinic acid. even at the concentration of 40 mg/l did not account alone for the full growth of strain ORS57 1.
Metabolism of nicoritiic w i d
Nicotinic acid has a maximum absorption ai 263 nm (pH 7.0) with an E,':, of 260. Absorption spectra of culture media supplemented with 40 mg nicotinic acid/l were recorded before inoculation and after growth in the presence of ammonia or N,. Results reported in Fig. 1 show that in animonia-grown cultures the peak at 263 nm was still present at the end of growth and corresponded to a concentration of about 30 mg nicotinic acid/l. The same result was obtained with the Nif-mutani 5740 (data not shown). Under conditions of nitrogen fixation. this absorption peak completely disappeared after growth of either the Nif' strain ORS571 or the Nif-mutant 5740. To differentiate between the possibility of a higher intracellular accumulation or of a degradation of nicotinic acid when the bacteria were grown under conditions of nitrogen fixation, experiments were performed with strain ORS571 in the presence of ['*C]nicotinic acid. Results reported in Table 3 show that there were no differences in the radioactive content of the bacteria, regardless of the nitrogen source. There was a very small incor-. -acid into cellular material in both experimental conditions. However, the net loss of radioactivity was about lQ!%/ml A 1 with ammonia-grown cells and 40%/ml A 1 with N,Lgrown cllls. This observation suggested that nicotinic acid was more effectively metabolized by N2-growing cells than by ammonia-growing cells. These results were confirmed by studying the ability of nicotinic acid to be used as a growth substrate by strain ORS571. Nicotinic acid (at concentration of 10 or 20 mM) was a good nitrogen source'for aerobic growth in the LSO medium, a poor carbon source in the presence o f a1iinioiiia. and supported growth at dower rates when uscd alone as both nitrogen and carbon sources.
DISCUSSION
In bacteria. a variety of nitrogen-containing compounds can be used as a source of nitrogen and eventually as source of carbon and energy. As a general rule, the enzymes involved in the degradative pathways are repressed when the bacteria are grown in the presence of high concentrations of ammonia. The genetic control. which includes both the ammonia-providing and ammonia-assimilating enzymes is now well-documented [ 31. With regard to nicotinic acid catabolism. the pathway of degradation was studied i n P J . P U~O~~Z O U L I S fluoresc_ens and in ' a Bacillus species [12, 13] . In all cases, the first step is a hydroxylation of the nialzcule in the 6-position. Proposed pathways that lead to maleic acid, formic acid, COz and NH, are described in [12J.
To our knowledge, no such study with a Rhizobium species has been reported. Results reported here are consistent with the hypothesis that Seshmru r/xo/>iutpr strain ORS57 1 is able to degrade nicotinic acid alid io ulilizc. the end products as a nitrogen source and. to a lesser extent, as a carbon source. The enzymes involved in the degradative pathway are likely repressed o r inhibited when the bacteria are grown in the presence of ammonta. These properties seem to have no direct relationship with nitrogen fixation since the Nif-mutant 5740. that is devoid of a func-I .
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tional Mo-Fe protein [I] , behaves as the wild-type strain. In addition, the results obtained with the Nif-mutant show that nicotinic acid at a concentration of 40 mg/l (0,3 mM) accounts only for about 1/10 of the total growth observed when nitrogen fixation is not impaired. This suggests that, in the wild-type strain, N, is preferentially used over nicotinic acid as a nitrogen source. In general. the ability to utilize various nitrogen sources may be considered as beneficial for bacteria. The particular case of S. rhizobium, for which nicotinic acid is a growth factor, raises an interesting problem of physiology, since under conditions of nitrogen fixation the organism destroys the growth factor it requires. The results repbrted here clearly demonstrate that .nicotinic may be a limiting growth factor when the bacteria are fixing nitrogen in the free-living state. Thus one wonders if this is also occurs when the organism fixes nitrogen within the root or the stem nodules of its plant host and if this phenomenon plays a role in the 'stability of the symbiosis. Further studies of a mutant impaired in the first enzyme of the degradative pathway may provide some answer to this question.
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